Computational Ocean
Acoustics

« Ray Tracing

* Wavenumber Integration

 Normal Modes
» Parabolic Equation
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Parabolic Equation

« Mathematical Derivation (6.2)
— Phase Errors and Angular Limitations (6.2.4)

« Starting Fields (6.4)

— Modal starter
— PE Self Starter
— Analytical Starters

* PE Solvers

— Split-Step Fourier Algorithm (6.5)

— PE Solutions using FD and FEM (6.6)
Energy Conservation in PE (6.7)

Numerical Examples
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Solutions by FDs and FEs

Field Equations on Horizontal Interfaces
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Solutions by FDs and FEs

Field Equations on Horizontal Interfaces
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Solutions by FDs and FEs

Field Equations on Horizontal Interfaces

Pressure Boundary Condition
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Solutions by FDs and FEs

Field Equations on Horizontal Interfaces

Interface Helmholtz Equation
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Compact Form
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Solutions by FDs and FEs
Implicit Finite Differnce Scheme (IFD)

Crank—Nicolson Algorithm
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Implicit Finite Difference Scheme
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Implicit Finite Difference Scheme

Global Matrix Equation
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Error Analysis
Standard PE - Compact Form
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Numerical Implementation
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Variable Density
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Attenuation

Compler Wavenumber
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i j+1 :
Pwew (Pycy)
I\.r :
I|.| (——
: j 1
: : [See Fig 6.8, 6.10-6.12 in Jensen, Kuperman,
Porter and Schmidt. Computational Ocean

Acoustics. New York: Springer-Verlag, 2000.]

Upslope: Energy loss

Downslope: Energy Gain

p/\/,:_) Accounts for density variation

p/\/pc Energy Conserving
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Student Demos
Wavenumber Integration Models
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